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ABSTRACT 

The s i x t e e n  AAP l u n a r  l a n d i n g  t a r g e t s  o f  Lunar O r b i t e r  V 

a re  a n a l y s e d  to de te rmine  m o b i l i t y  r e q u i r e m e n t s  f o r  s u r f a c e  

m i s s i o n s .  

I n  o r d e r  to v i s i t  a l l  f e a t u r e s  o f  i n t e r e s t ,  a 

m o b i l i t y  sys tem w i t h  a t o t a l  e f f e c t i v e  r ange  o f  1 3 2  km and a n  

o p e r a t i n g  r a d i u s  o f  25 km would be  r e q u i r e d .  

If on ly  two f e a t u r e s  were t o  b e  v i s i t e d  on each  l a n d i n g  

m i s s i o n ,  a t o t a l  e f f e c t i v e  range o f  30 k m  and an  o p e r a t i n g  

r a d i u s  of 8 km would be s u f f i c i e n t .  
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MEMORANDUM FOR FILE 

I .  I N T R O D U C T I O N  

The s i x t e e n  AAP t a r g e t s  o f  Lunar O r b i t e r  V form t h e  
p o o l  o f  p o t e n t i a l  l a n d i n g  s i t e s  f o r  AAP m i s s i o n s .  I n  a r e c e n t  
pape r ,  F .  E l  Baz examined Lunar O r b i t e r  I V  photography o f  these  
s i t e s  ( abou t  60 meters r e s o l u t i o n )  , t e n t a t i v e l y  choos ing  a 
touchdown p o i n t  and f e a t u r e s  o f  s c i e n t i f i c  i n t e r e s t  for ground 
mis s ions* .  The touchdown p o i n t s  were chosen f o r  a p p a r e n t  smooth- 
n e s s  o f  touchdown and approach p a t h  and f o r  a c e n t r a l  l o c a t i o n  
c l o s e  to s e v e r a l  f e a t u r e s  o f  i n t e r e s t .  

The ground m i s s i o n s  would r e q u i r e  a m o b i l i t y  s y s t e m  
t o  e x t e n d  a n  a s t r o n a u t ' s  o p e r a t i n g  r ange .  The pu rpose  o f  t h i s  
paper  i s  t o  examine t h e  s i t e s  to d e t e r m i n e  t h e  minimum r e q u i r e d  
r ange  c a p a b i l i t i e s  o f  such  a s y s t e m .  

It i s  recogn ized  t h a t  examina t ion  o f  h i g h  r e s o l u t i o n  
da ta  from Lunar O r b i t e r  V and more d e t a i l e d  m i s s i o n  p l a n n i n g  
w i l l  r e s u l t  i n  a r e f inemen t  o f  t h i s  s t u d y .  

11. DISTANCE STATISTICS 

For each  l a n d i n g  s i t e ,  t h e  d i s t a n c e s  from t h e  chosen 
touchdown p o i n t  to each  fea ture  o f  s c i e n t i f i c  i n t e r e s t  were 
measured on u n r e c t i f i e d  Lunar O r b i t e r  I V  pho tographs  ( r ep roduced  
from t h e  memorandum of  F. E l  Baz i n  F i g u r e s  1 t o  1 0 ) .  The 
d i s t a n c e s  were s c a l e d  from t h e  1 0  km l i n e  i n  t h e  f i g u r e s .  

The f o l l o w i n g  s p e c i a l  r u l e s  were obse rved :  

1. Where two touchdown p o i n t s  are  d e s c r i b e d  f o r  a 
s i n g l e  s i t e ,  t h e  n o r t h e r n  one i s  d e s i g n a t e d  ( a )  and t h e  s o u t h e r n  
one ( b ) .  

2 .  Where s e v e r a l  f e a t u r e s  o f  t h e  same t y p e  are  p r e s e n t ,  
o n l y  t h e  d i s t a n c e  to t h e  f e a t u r e  n e a r e s t  t o  t h e  touchdown p o i n t  
i s  measured.  

* E l  Baz, F . ,  Lunar O r b i t e r  Miss ion  V: P o t e n t i a l  AAP Landing 
S i t e s ,  Bellcomm Memorandum f o r  F i l e ,  July 26,  1967. 
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The measurements are summarized i n  Tab le  I. I n  
a d d i t i o n  t o  t h e  measurements o f  e a c h  f e a t u r e  o f  i n t e r e s t ,  t h e  
sum o f  a l l  d i s t a n c e s  f o r  a p a r t i c u l a r  s i t e  i s  de te rmined  and 
t h e  sum o f  d i s t a n c e s  f o r  t h e  two n e a r e s t  f e a t u r e s  on e a c h  s i t e  
i s  de te rmined .  

Two se t s  o f  h i s tog rams  have been p l o t t e d ,  f o r  two 
t y p e s  of m i s s i o n s  ( s e e  F i g u r e s  11 and 1 2 ) .  I n  t h e  comple te  
m i s s i o n s ,  a l l  f e a t u r e s  of  i n t e r e s t  are v i s i t e d  f o r  a p a r t i c u l a r  
l a n d i n g  s i t e .  A s t a r  p a t t e r n  i s  used ;  one e x c u r s i o n ,  o u t  and 
back ,  i s  c a r r i e d  o u t  f o r  each  f e a t u r e .  I n  t h e  2 - f e a t u r e  m i s s i o n s  
o n l y  t h e  two n e a r e s t  f e a t u r e s  a re  v i s i t e d .  

111. CONCLUSIONS 

It shou ld  be emphasized tha t  t h e  c o n c l u s i o n s  t h a t  
can  be  drawn a t  t h i s  s t a g e  a r e  t e n t a t i v e  because  t h e  m i s s i o n s  
are based on low r e s o l u t i o n  data.  Fur the rmore  o n l y  t h e  complete  
m i s s i o n  was e n v i s i o n e d  i n  d e s i g n a t i n g  p o i n t s  o f  i n t e r e s t  and 
t h e  touchdown p o i n t .  A d e f i n i t i v e  s t u d y  must await d e t a i l e d  
m i s s i o n  p l a n n i n g  based on h igh  r e s o l u t i o n  pho tographs .  

However, t o  p r o v i d e  i n t e r i m  e s t i m a t e s  of m o b i l i t y  
r e q u i r e m e n t s ,  t h e  f o l l o w i n g  i n f e r e n c e s  can  be drawn from t h e  
h i s t o g r a m s  and a s s o c i a t e d  s i t e  pho tography :  

1. A m o b i l i t y  sys tem wi th  a 25 km maximum one-way 
e f f e c t i v e  r ange  (50  km round t r i p )  c o u l d  v i s i t  a l l  p o i n t s  o f  
i n t e r e s t .  
r a n g e  cou ld  v i s i t  95% o f  a l l  f e a t u r e s  o f  i n t e r e s t .  The e l i m i n a t e d  
s i t e s  would be mos t ly  i n  h i g h l a n d s .  

A sys tem w i t h  a 1 6  km maximum one-way e f f e c t i v e  

2 .  The t o t a l  r o u n d - t r i p  e f f e c t i v e  r a n g e  r e q u i r e d  to 
v i s i t  a l l  f e a t u r e s  i s  132  k m .  

3. Fo r  t h e  2 - f e a t u r e  m i s s i o n ,  a n  8 km maximum one-way 
e f f e c t i v e  r a n g e  i s  s u f f i c i e n t  f o r  a l l  s i t e s .  

4.  The t o t a l  round t r i p  e f f e c t i v e  r a n g e  r e q u i r e d  f o r  
2 - f e a t u r e  m i s s i o n s  a t  a l l  s i t e s  i s  30 km. 

From these  t e n t a t i v e  c o n c l u s i o n s ,  one would be l e d  to 
c a r r y  two l e v e l s  o f  v e h i c l e  performance t h r o u g h  s t u d y ;  one 
w i t h  a t o t a l  e f f e c t i v e  range o f  abou t  150 km and a n  o p e r a t i n g  
r a d i u s  of 25 km and t h e  o t h e r  w i t h  a t o t a l  e f f e c t i v e  r ange  of 
abou t  30 km and a n  o p e r a t i n g  r a d i u s  o f  8 km. O f  c o u r s e ,  
s a fe ty  marg ins ,  a n  a l lowance  f o r  n o n - s t r a i g h t  pa ths  due t o  
o b s t a c l e  avo idance  and e x p l o r a t i o n  d e v i a t i o n s ,  and gu idance  
e r r o r s  must be added. These two se t s  o f  r e q u i r e m e n t s  need n o t  
i m p l y  s e p a r a t e  v e h i c l e  d e s i g n s ;  t h e y  may o n l y  i m p l y  d i f f e r e n t  
power or f u e l  r e c h a r g i n g  and o p e r a t i o n a l  s t r a t e g i e s .  
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A t h i r d  p o s s i b l e  mis s ion  t y p e ,  r e q u i r i n g  m o b i l i t y  f rom 
one l a n d i n g  s i t e  t o  a n o t h e r ,  i s  n o t  cove red  i n  t h i s  s t u d y .  

10 12-C J B -  1 j b 

At tachments  : 
T a b l e  I 
F i g u r e s  1-12 
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Name 

L i t  t row 
R i l l e s  

Dionys ius  

TABLE A 

D i s t a n c e s  o f  P o i n t s  o f  S c i e n t i f i c  I n t e r e s t  From 

The Touchdown P o i n t  

S i t e  No. 

1/35 

2 / 4 1  

South  o f  Alexander  3/45 

S u l p i c i u s  
G a l l u s  

Hygin ius  
R i l l e  

Hadley 
R i l l e  

4/46 

5/47 

6/50 

P o i n t  No. 

1 
2 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Sum 
Sum 

Sum 
Sum 

Sum 
Sum 

Sum 
Sum 

Sum 
Sum 

D i s t a n c e  ( K M )  

6 .4  
7.2* 

all 13.6 
2 

a l l  
2 

a l l  
2 

all 
2 

13 .6  

3 .7  
7.4 
5.5" 

1 4 . 8  
31 .4  

9 . 2  

2 . 9  
25.4 
1 5 . 8  
1 4 . 1  

65.7 
1 0 . 4  

7.5" 

5 .7  
7 . 1  
3 .9  
5.3* 

2 2 . 0  
9 . 1  

8 . 8  

6 .4% 
6 . 1  

11.1 
a l l  32.rl 
2 1 2 . 5  

4 . 1  
6 .8* 
7 .2  
18.6 
2 1 . 3  

Sum a l l  70.0 
Sum 2 1 0 . 9  

%Denotes second s h o r t e s t  d i s t a n c e .  
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P o i n t  No. D i s t a n c e  ( K M )  Name S i t e  No. 

7/53 Alp hon s u  s 6 . 1  
1 0 . 9  

7.2* 
3.1.2 
35.4 Sum a l l  

Sum 2 

Sum a l l  
Sum 2 

1 3 . 3  

Copernicus 
CD 

8/59 4 . 0  
7 .0  
5.3" 
7 . 3  23.6 
9 . 3  

F r a  Mauro 9/60 1 
2 
3 
4 

3 . 3  
6.6* 
7.4 
8 . 1  

25 .4  
9 . 9  

Sum all 
Sum 2 

Copern icus  10/61 
S e c o n d a r i e s  

8 . 1  
1 5 . 7  
1 3 . 3  

7 .6  

1 5 . 7  
m Sum a l l  

Sum 2 

11/63 A Copern icus  
A 

1 
2 
3 

3.4 
4.8" 

1 1 . 0  
1 9 . 2  

8 . 2  
Sum a l l  
Sum 2 

Copern icus  
B 

11/63 B 1 
2 

4 . 1  
3 .4* 

5 1 1 . 7  
31.2 

6 . 5  
Sum a l l  
Sum 2 

Imbrium 
Flows 

12/65 1 
2 
3 

3.4 
5.7" 

1 0 . 0  
1 9 . 1  

9 . 1  
Sum a l l  
Sum 2 

Tob ias  
Mayer 
Dome 

13/69 1 
2 

2 . 2  
1 4 . 1  
4 .7  
4 . 1  

11 .3  m 
6 . 9  

5 
Sum all 
Sum 2 
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Name 

Jura 
Gruit huisen 
A 

Jura 
Gruit huisen 
B 

Aristarchus 
Plateau 

Marius 
Hills 

Site No. 

14/76 A 

14/76 B 

15/82 

16/32 

Point No. 

5 
6 

1 
2 
3 

1 
2 
3 
4 

Distance (KM) 

7.9* 
10.8  
1 5 . 4  
11.2 
7.5 

12.08 
Sum a l l  64.88 
Sum 2 15.4 

3.6* 
6.8 
2.8 

Sum all 13.2 
Sum 2 6.4 

3.3 
1 0 . 0  
17.6 
15 .3  

Sum all 53.2 
Sum 2 1 0 . 3  

7.0* 

3.6" 

8.8 
2.4 

Sum all 20.4 

5.6 

Sum 2 6.0 
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